Introduction
The rhizome of Zingiber officinale also known as ginger is one of the most popular spices and is a traditional medicine in China and also in India. Gingerols, the so-called "pungent principles", are the constituents responsible for the taste of ginger [1] . Phytochemical and pharmacological reports have shown that the major bioactive constituents of ginger, the gingerols, possess the following activities: anti-platelet aggregation [2, 3] , anticancer [4 -6] , anti-oxidation and anti-inflammation [7, 8] , inhibition of COX-2 expression [9] , antifungal [10] and others. Therefore the isolation and purification of the gingerols and their derivatives from ginger are of great interest.
In this study, we report the isolation of two new sulfonated gingerol derivatives, [8] -gingesulfonic acid (1) and [10] -gingesulfonic acid (2) , along with nine known gingerol derivatives, [6] -gingesulfonic acid (3) [11] , 1-dehydro- [6] -gingerdione (4) [1] , 1-dehydro- [8] -gingerdione (5) [1, 12] , 1-dehydro- [10] gingerdione (6) [12] , [6] -gingerdione (7) [13] , [10] gingerdione (8) [13] , [6] -gingerol (9) [14, 15] , methyl [6] -gingerdiol (10) [16] , and 6-hydroxyl- [6] -shogaol (11) [17] (Fig. 1) . Their structures were established by mass-spectrometric and spectroscopic analyses, especially 2D-NMR techniques (  1 H,  1 H-COSY, HSQC, 0932-0776 / 11 / 0700-0740 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com HMBC), and comparisons with literature data. Herein, the isolation and structural elucidation of compounds 1 and 2 are described. existence of one 1,3,4-trisubstituted benzene ring. The 13 C NMR (DEPT) spectrum (Table 1) more than that of [6] -gingesulfonic acid [18] . The 1 H and 13 C NMR (Table 1 ) spectroscopic features were similar to those of [6] -gingesulfonic acid [18] , except for additional signals due to two methylene groups present in the alkyl chain. In addition, the signals at δ H =3.37/δ C = 57.17 due to H-5/C-5 resembled those of [6] -gingesulfonic acid [18] . Hence, 1 was characterized as a 5-dehydroxy 5-sulfonated derivative of [8] gingerol, and named [8] -gingesulfonic acid.
Results and Discussion
The structure of 1 was further confirmed by 2D-NMR techniques ( 1 H, 1 H-COSY, HSQC, HMBC), especially the HMBC correlations as shown in (12) was established by the HMBC correlations of H-12/C-10 and H-12/C-11. The HMBC experiment also showed the long-range couplings H-1/C-1 , H-1/C-2 , H-1/C-6 , and H-2/C-1 , which indicated that the alkyl chain is linked to the aromatic ring. Therefore, the structure of 1 was again deduced as a sulfonated gingerol derivative, named [8] -gingesulfonic acid (Fig. 1) .
[10]-gingesulfonic acid (2), isolated as a colorless powder, showed an [M-H] − ion peak at m/z = 413.1991 (C 21 H 33 O 6 S), 28 mass units (C 2 H 4 ) more than that of 1, in the HRMS ((-)-TOF). The IR spectrum showed absorption bands of hydroxyl (3431 cm −1 ), carbonyl (1712 cm −1 ), and sulfonic acid (1207, 1126, 1054 cm −1 ) functions. A typical benzenoid absorption was seen at 204, 225, and 282 nm in the UV spectrum. The 1 H and 13 C NMR (Table 1) spectroscopic features were similar to those of 1, except for additional signals due to two methylene groups present in the alkyl chain. In addition, the signals at δ H = 3.37/δ C = 57.12 due to H-5/C-5 resembled those of 1. The structure of 2 was also further confirmed by 2D-NMR techniques, especially the HMBC correlations as shown in Fig. 2 . Hence, the structure of 2 was established as a 5-dehydroxy 5-sulfonated derivative of [10] -gingerol, and named [10] -gingesulfonic acid (Fig. 1) .
Comparison of the spectroscopic and physical data with those published allowed us to establish the structures of nine known gingerol derivatives, [6] As mentioned above, three sulfonated derivatives of gingerol were isolated from Zingiber officinale, and their structures were established as [8] -gingesulfonic acid (1), [10] -gingesulfonic acid (2), and [6] -gingesulfonic acid (3). However, the stereochemistry at C-5 of 1 -3 is still under investigation. In order to determine the 5S or 5R configuration of 1 -3, we tried to grow single crystals but the structure determination failed due to the small size of the needle-shaped crystals obtained. We also hoped to compare their optical rotations with those of the known analogous compounds, [6] -gingesulfonic acid and [4] -gingesulfonic acid, to determine the absolute stereochemistry of 1 -3, but the stereochemistry at C-5 has not been reported in the literature [11] . Trying to grow single crystals suitable for X-ray structure determinations of compounds 1 -3 as well as of 10 and 11 is clearly necessary in further work.
Experimental Section

General experimental procedures
Optical rotation was measured on a Horiba SEPA-300 polarimeter. A UV-2401PC spectrometer was used to obtain the UV spectrum in methanol (MeOH). IR spectra were taken on a Bruker Tensor 27 FTIR spectrometer from KBr pellets. NMR spectra were measured on a Bruker AM-400 spectrometer with TMS as an internal standard. MS-TOF and HRMS-TOF spectra were obtained on a API-QSTAR-Pulsar-1 spectrometer. Column chromatography was carried out on Sephadex LH-20 gel (25 -100 µm, Pharmacia Fine Chem-ical Co. Ltd.), MCI gel CHP-20P (75 -150 µm, Mitsubishi Chemical Co.), Chromatorex ODS (30 -50 µm, Fuji Silysia Chemical Co. Ltd.), and silica gel (SiO 2 ; 200 -300 mesh, Qingdao Haiyang Chemical Co. Ltd., P. R. China). Thin layer chromatography (TLC) was carried out on silica gel G precoated plates (Qingdao Haiyang Chemical Co. Ltd.), and spots were detected by spraying with 5 % H 2 SO 4 in EtOH followed by heating.
Plant material
The dry rhizomes of Zingiber officinale Roscoe (Zingiberaceae) were purchased from a local drug store in March 2010 and identified by Prof. Dr. Kai-Jin Wang from the School of Life Sciences, Anhui University, where a voucher specimen (No. 20100302) was deposited.
Extraction and isolation
The dry rhizomes of Zingiber officinale (8. 
